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CO i s  u n i q u e l y  i m p o r t a n t  i n  i t s  r o l e  as c o u p l e r  o f  t h e  t e r r e s t r i a l  
b iosphefe  t o  i norgani  c chemical processes and as t h e  p r i n c i p a l  greenhouse gas 
c o n t r o l l i n g  E a r t h ' s  sur face  temperature.  The hypothes is  t h a t  atmospher ic C02 
l e v e l s  have d imin ished w i t h  t ime, w i t h  t h e  r e s u l t i n g  c o o l i n g  e f f e c t  o f f s e t t i n g  
an i n c r e a s e  i n  t h e  s o l a r  cons tan t ,  seems f i r m l y  e s t a b l i s h e d ,  and i t  has been 
shown t h a t  feedback mechanisms e x i s t  which can m a i n t a i n  t h e  t e r r e s  r i a l  s u r -  

excurs ions  occur;  epochs o f  g l a c i a t i o n  may r e s u l t  i n  p a r t  f rom decreases i n  
atmospher ic C02. Dur ing t h e  most r e c e n t  g l a c i a l  advance, atmospher ic CO 
es t 'mated  f rom a i r  t rapped i n  A n t a r c t i c  i c e  may have been as low as 160-?'00 

photosynthes is  r a t e  i n  C3 p l a n t s ,  a t  l e a s t  i s  s e n s i t i v e  tcj P(C0 ) and e x h i b i t s  
a t h r e s h h o l d  a t  50-100 ppm below which t h e  process ceases . 
o f  CO2 i n  t h e  atmosphere d u r i n g  t h e  g l a c i a t i o n  may n o t  have been much more 
than t w i c e  t h a t  a t  which a g l o b a l  b iosphere c o l l a p s e  would have r e s u l t e d .  
O f  t h e  f a c t o r s  i n v o l v e d  i n  such C02 v a r i a t i o n ,  he oceanic r e s e r v o i r  appears 
t h e  most impor tan t ;  a t  p resent ,  i n  u n i t s  of l0 lk moles, t h e  oceans c o n t a i n  
a t o t a l  CO2 i n v e n t o r y  ( i n c l u d i n g  HCO; and CO-) o f  290, compared w i t h  about  6 
i n  t h e  atmosphere, and about  5 u n i t s  of C coJbined i n  biomass w i t h  25 a d d i -  
t i o n a l  u n i t s  of C as o r g a n i c  d e b r i s  i n  s o i l s  and hydrosphere. 

Sur face  waters  a r e  p robab ly  i n  approximate e q u i l i b r i u m  w i t h  r e g a r d  t o  
C02 exchange w i t h  the  ambient atmosphere i n  most r e g i o n s ,  b u t  da ta  f rom deep- 
ocean water  sampl i n g 4  i n d i c a t e s  t h a t  such waters a r e  somewhat undersa tura ted  
i n  t h e  sense t h a t  they would tend t o  absorb C02 f rom t h e  atmosphere i f  brought 
t o  t h e  s u r f a c e  w i t h o u t  change i n  compos i t ion  o r  temperature.  The t o t a l  
a b s o r p t i v e  c a p a c i t y  of t h e  p r e s e n t  ocean f o r  C02 i s  p robab ly  10-30 u n i t s ,  
smal l  r e l a t i v e  t o  t o t a l  oceanic  CO b u t  g r e a t e r  than the  t o t a l  atmosphere 
i n v e n t o r y .  That  t h e  oceans are,  t i e r e f o r e ,  p o t e n t i a l  n e t  s i n k s  f o r  C02 
i s  c o n s i s t e n t  w i t h  the  o b s e r v a t i o n  t h a t  a lmost  h a l f  the  anthropogenic  
generated i n  r e c e n t  decades has vanished from t h e  atmosphere, presumably by 
ocean uptake. T h i s  uptake has been a gradual  one, b u t  were some event  t o  
produce a r a p i d  t u r n o v e r  of a s u b s t a n t i a l  p o r t i o n  o f  t h e  ocean, a s i g n i f i c a n t  
drawdown of a tmospher ic  CO i n t o  t h e  oceanic  r e s e r v o i r  c o u l d  r e s u l t ;  t h i s  
would be a k i n d  of reverse6 Lake Nyos phenomenon ( t h e  r e f e r e n c e  i s  t o  a l a k e  
whose bottom waters became supersa tura ted  w i t h  CO2 and whose subsequent over -  
t u r n  r e s u l t e d  i n  a degassing c a t a s t r o p h i c  f o r  nearby i n h a b i t a n t s ) .  An agency 
capable o f  p roduc ing  such an o v e r t u r n  i s  t h e  impact  of a l a r g e  e x t r a t e r r e s -  
t r i a l  o b j e c t  i n t o  t h e  ocean, and i n  t h i s  connect ion  we no te  t h a t  such an 
impact  event  may have occur red  j u s t  p r i o r  t o  t h e  onset  o f  t h e  P l e i s t o c e n e  
g l a c i a t i o n  epoch. 

I f  major  impacts  i n t o  t h e  ocean can r e s u l t  i n  loss o f  a s u b s t a n t i a l  
p o r t i o n  o f  t h e  atmospher ic CO r e s e r v o i r ,  then any such f u t u r e  event  c o u l d  
i m p e r i l  t h e  c o n t i n u a t i o n  of mgst h i g h e r  forms of l i f e  on Ear th;  f o r  t h e  marsm 
o f  s e c u r i t y  between present  CO l e v e l s  i n  t h e  atmosphere and t h e  minimum 

t h i n .  Indeed, s o l a r  warming has narrowed t h e  "window" between C02 l e v e l s  h i @  
enough t o  produce an i n t o l e r a b l e  greenhouse h e a t i n g  and those t o o  low t o  per -  
m i t  c o n t i n u a t i o n  of p r imary  p r o d u c t i o n  t o  a degree which m e r i t s  some concern. 

E a r t h  h i s t o r y ,  o t h e r  than onset  of the  P le is tocene,  and p o s s i b l y  e a r l i e r ,  

face i n  a r e l a t i v e l y  narrow temperature range over  g e o l o g i c a l  t i m e  ! . However 

ppm 5 . T h i s  f i g u r e  i s  r e l e v a n t  i n  i t s  i m p l i c a t i o n s  f o r  p r imary  p r o d u c t i o n ;  

Thgs t h e  amount 

CO2 

needed t o  m a i n t a i n  p r i m a r y  p r o  5 u c t i o n  i s ,  from t h i s  p e r s p e c t i v e ,  p e r i l o u s l y  

The most l i k e l y  cand ida te  f o r  an i n v e r s e  Nyos g l o b a l  event  i n  p r e v i o u s  
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g l a c i a l  epochs, i s  t h e  Cre taceous-Ter t ia ry  t e r m i n a l  e x t i n c t i o n  event .  That 
t h e  l a t t e r  was provoked by t h e  impact o f  a massive e x t r a t e r r e s t r i a l  o b j e c t  
seems beyond reasonable ques t ion ,  b u t  t h e  p r e c i s e  c h a r a c t e r  of t h e  impact ing  
o b j e c t  i s  u n c l e a r  and t h e  prox imate mechanism o f  b iosphere i n j u r y  remains 
c o n t r o v e r s i a l 5 .  
t u r e s  presumably i n d i c a t i v e  o f  r e l a t i v e l y  h i g h  C02 l e v e l s  and an i n t e n s e  
greenhouse heat ing .  I s o t o p i c  evidence i n d i c a t e s  a pronounced c o o l i n g  a t  t h e  
end o f  t h e  Cretaceous, b u t  t h i s  seems n o t  t o  have been accompanied by a l a r p  
t r a n s f e r  o f  C02 t o  t h e  oceanic r e s e r v o i d ;  t h e  most reasonable i n t e r p r e t a t i o n  
i s  t h a t  CO was be ing  withdrawn f rom t h e  atmosphere i n t o  biomass and 
carbonate i e p o s i t s  i n  s h e l f  seas. 
s i v e  t r a n s f e r  o f  CO 
c o n d i t i o n  o f  do, u n g e r s a t u r a t i o n  i n  abyssal  waters,  and t h i s  may have been 
made even more extreme by t h e  p a t t e r n  of ocean water  c i r c u l a t i o n ,  dominated 
by movement o f f  c o n t i n e n t a l  shelves,  i n  t h e  l a t e  Cretaceous. Thus i t  i s  
p o s s i b l e  t o  e n v i s i o n  a s i t u a t i o n  i n  which deep ocean waters  were a t  l e a s t  
o c c a s i o n a l l y  p r o f o u n d l y  undersa tura ted  w i t h  regard  t o  CO2. Turnover o f  a 
ma jor  f r a c t i o n  of  such an ocean would then remove, on a v e r y  s h o r t  t i m e  
scale,  as much as 90% o f  t h e  atmospher ic CO2 i n v e n t o r y .  A p o s s i b l e  mechan- 
ism f o r  such t u r n o v e r  i s  t h e  m u l t i p l e  impact of a number o f  1-km d iameter  
o b j e c t s  r e s u l t i n g  f rom t h e  breakup o f  a weak impactor5.  The r e s u l t  o f  such 
a sharp i n  C02 i n  t h e  atmosphere, and r e s u l t i n g  from i t, o f  t o t a l  d i s s o l v e d  
CO i n  s u r f a c e  waters  as w e l l ,  would be t h e  e l i m i n a t i o n  o f  p h o t o s y n t h e t i c  
a c Z i v i t y  o r  i t s  r e d u c t i o n  t o  l e v e l s  t o o  low t o  s u s t a i n  much o f  t h e  e x i s t i n g  
b i o t a ,  e s p e c i a l l y  t h e  l a r g e r  fauna. Coo l ing  and darkening r e s u l t i n g  f rom 
t h e  lowered greenhouse e f f e c t  and t h e  impact-generated d u s t  c l o u d  would 
compound t h e  s e v e r i t y  of t h e  c r i s i s .  However, i t  would n o t  n e c e s s a r i l y  be 
prolonged, i f  t h e  p r e - e x t i n c t i o n  biomass were g r e a t  enough and d i e o f f  
su f f i c ien t .1y  ex tens ive ;  f o r  then r a p i d  o x i d a t i v e  r e c y c l i n g  o f  much o f  t h i s  
biomass would l a r g e l y  r e s t o r e  t h e  atmospher ic C02 i n v e n t o r y .  

The Cretaceous was c h a r a c t e r i z e d  by warm,  equable tempera- 

Coo l ing  of t h e  oceans i n  absence o f  mas- 
t o  t h e  oceanic  r e s e r v o i r  i n  i t s e l f  would promote a 
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